Three new secoiridoid glycosides, named lonijapoglycol A (1), aldosecolohanin C (2) and aldosecolohanin B (3), together with three known ones (4-6), have been isolated from the flower the buds of Lonicera japonica. All the structures were identified by spectroscopic analyses. Lonijapoglycol A (1) expressed significant anti-inflammatory activity to inhibit the release of β-glucuronidase induced by platelet-activating factor in rat polymorphonuclear leukocytes with an IC 50 value of 3.76 μmol·L −1 .
Introduction
The flower buds of Lonicera japonica are widely used as folk medicine for the treatment of cold, fever, cough and pharyngitis [1] . Modern studies have shown that iridoid glycosides were one of the main effective components in L. japonica [2] . To date, more than eighty-three iridoid glycosides have been isolated from this plant [3] , which displayed varieties of pharmacological activities such as anti-inflammatory, antibacterial, anti-tumor, anti-anxiety and insecticidal effects [4] [5] [6] [7] [8] . As part of a program to search for bioactive molecules from medicinal plants, three new secoiridoid glycosides, lonijapoglycol A (1), aldosecolohanin C (2) and aldosecolohanin B (3) ( Fig. 1) , together with three known ones, 7dioxolanylsecologanin (4), (E)-aldosecologanin (5) and (Z)aldosecologanin (6) , were isolated from an ethanol extract of flower buds of L. japonica. Their anti-inflammatory activities were evaluated as the inhibition of β-glucuronidase release caused by platelet activating factor (PAF) in rat polymorphonuclear leukocytes (PMNs). Lonijapoglycol A (1) showed significant anti-inflammatory activity with an IC 50 value of 3.76 μmol·L −1 . Details of the isolation, structural elu-cidation and biological assays are presented below.
Results and Discussion
Lonijapoglycol A (1) was separated as a colorless solid. Its IR spectrum showed absorption at 3419 cm -1 (hydroxyl group), 1704 cm −1 (carbonyl group) and 1631 cm −1 (olefinic group). Its molecular formula was determined as C 20 H 32 O 12 . Its 1 H NMR spectrum (Table 1) ]. The carbon signals in 13 C NMR spectrum of 1 (Table 1) confirmed the presence of the above structural groups. These spectral features of 1 were closely similar to those of secologanin dimethyl acetal [9] except for the presence of signals for an ethylene glycol group [δ H 3.51 (1H, m, H-12 a ), 3.62 (1H, m, H-12 b ), 3.65 (1H, m, H-13 a ), 3.66 (1H, m, H-13 b ); δ C 68.8 (C-12), 62.4 (C-13)]. Its structure was further determined by the analysis of 2D NMR spectra (Fig. 2) . The presence of the ethylene glycol group was confirmed by the 1 H-1 H COSY correlation from H-12 a to H-13 b , and it was situated at C-7 by the HMBC correlation from H-12 a to C-7. Therefore, the planar structure of 1 was established as shown ( Fig. 1 ). Furthermore, the relative configuration of 1 was determined by the NOESY spectrum. The NOE correlations of H-1/H-6 b , H-8 and H-8/H-6 a suggested H-5 and H-9 were on the same side, while H-1 was on the other side. Biogenetically, 1 could be produced by the condensation of secologanin dimethyl acetal [9] and ethylene glycol at C-7. Thus the absolute configurations of C-1, C-5 and C-9 were proposed to be 1S, 5S and 9R, the same as those of secologanin dimethyl acetal [9] . Unfortunately, the configuration of C-7 was unable to be assigned by the present data.
Considering ethylene glycol was a possible impurity in the solvents used in present study, there was a speculation that 1 might be an artifact. In order to exclude the above possibility, the solvents such as ethanol, methanol, n-butanol and ethyl acetate used in the study were concentrated under reduced pressure, and then each residue was checked by 1 H NMR. No signal for ethylene glycol was detected in each residue. Thus 1 was considered to be a naturally occurring compound.
Aldosecolohanin C (2) was isolated as an amorphous powder. Its molecular formula was deduced as C 34 H 46 O 20 by HRESIMS. Its IR spectrum showed absorption at 3428 cm −1 (hydroxyl group), 1699 cm −1 (carbonyl group) and 1637 cm −1 (olefinic group). Its 1 H NMR spectrum (Table 2) (Table 2) revealed thirty-four signals corresponding to five quaternary, twenty-two methine, five methylene and two methoxyl carbons. The above spectral features showed two sets signals for typical secoiridoid glycoside, indicating that 2 might be a dimer composed of units A and B.
In the unit A (Fig. 2) , the 1 H and 13 C NMR data indicated the presence of secologanin [9] , except that the methylene carbon at C-6 ′ ′ was replaced by a quaternary carbon, which was further supported by the HMBC correlations from H-9′′ to C-6′′ and from H-7′′ to C-5′′ and C-6′′. In the unit B (Fig. 2) , a secologanin with the aldehyde group missing was observed, which was further confirmed by the chemical shift of C-7 and 1 H-1 H COSY correlations from H-5 through H-6 to H-7. On the basis of above mentioned spectral data, 2 was presumed to have the structure in which (E or Z)-aldosecologanin was substituted by an epoxy group at C-6 ′ ′/C-7. This suggestion was supported by MS data and HMBC correlations from H-6 to C-7 and C-6′′. The coupling constant [10, 11] of H-5′′/H-9′′ (J 5′′β, 9′′β = 3.3 Hz) together with the NOE correlation of H-1′′/ H-8′′, showed H-5′′ and H-9′′ were on the same side while H-1 ′ ′ was on the other side in unit A. The NOE correlations of H-8/H-1, H-6 and H-5/H-9 suggested H-5 and H-9 were on the same side while H-1 was on the other side in unit B [12] . In consideration of the biosynthesis of 2, its absolute configurations could be speculated as 1S, 5S, 9R, 1′′S, 5′′R and 9′′R, the same as those of (E or Z)-aldosecologanin [13] . Therefore, the structure of 2 was established as shown ( Fig. 1) . Unfortunately, the configurations of C-6′′ and C-7 were not determined by the present data.
Aldosecolohanin B (3) was separated as a colorless powder. Its molecular formula was deduced as C 35 H 48 O 19 . Its IR spectrum showed the absorption of hydroxyl (3406 cm −1 ), carbonyl (1697 cm −1 ) and olefinic (1633 cm −1 ) groups. Its 1 H and 13 C NMR data (Table 2) showed that 3 was a dimer of secoiridoid glycoside similar to (E)-aldosecolohanin [13] . The difference between them was that a methyl ester group in (E)aldosecolohanin was replaced by an ethyl ester group in 3. Further inspection of 2D NMR data (Fig. 2) confirmed that the ethyl ester group was located at C-11 ′ ′, as supported by the 1 H-1 H COSY correlation from H-12′′ to H-13′′, and HM-BC correlation from H-12 ′ ′ to C-11 ′ ′. The double bond between C-6′′ and C-7 was determined to be E configuration with the NOE correlations of H-7/H-7′′ and H-6/H-5′′. Considering the use of ethanol during the extraction process, 3 might be an artifact formed from (E)-aldosecolohanin, and thus the configurations of them were consistent (Fig. 1) . Three known compounds were identified to be 7-dioxolanylsecologanin (4) [14] , (E)-aldosecologanin (5) [13] and (Z)aldosecologanin (6) [13] by comparing their spectral features with the literature.
Compounds 1-6 expressed anti-inflammatory activities with IC 50 values ranging from 3.76 to 25.10 μmol·L −1 (Table 3) , while ginkgolide B was used as the positive control with an IC 50 value of 2.40 μmol·L −1 . The anti-inflammatory activity of 1 was significant with the IC 50 value of 3.76 μmol·L −1 .
Experimental

General experimental procedures
Optical rotations were obtained on a Rudolph VI digital polarimeter (Rudolph Research Analytical, Hackettstown, USA). UV and CD spectra were measured with a Chirascan CD spectrometer (Applied Photophysics Ltd., Surrey, UK). 1D and 2D NMR spectra were measured on a Bruker AVANCE DRX (600 MHz) spectrometer (Bruker BioSpin Corporation, Billerica, USA) with residual solvent peaks (methanol-d 4 : δ H 3.31, δ C 49.2). ESIMS data were measured on an Agilent 1260-6460 Triple Quad LC-MS spectrometer (Agilent Technologies, Santa Clara, USA). HR-ESI-MS data were detected on an Agilent 6545 Q-TOF mass spectrometer (Agilent Technologies, Santa Clara, USA). HPLC analysis and preparation were performed on an Agilent 1260 instrument, with an YMC C 18 column (YMC, 5 μm, 4.6 mm × 100 mm) for analysis and an Agilent SB-C 18 column (Agilent, 5 μm, 9.4 mm × 250 mm) for preparation. Column chromatography was performed with D101-macroporous absorption resin (Sinopharm Chemical Reagent Co., Ltd., Shanghai, China) and silica gel (300-400 mesh, Qingdao Marine Chemical Co., Ltd., Qingdao, China). TLC was carried out with glass precoated with silica gel GF 254 (Yantai Jiangyou Tech-nology Co., Ltd., Yantai, China).
Plant materials
The fresh flower buds of Lonicera japonica were picked from Shandong University of Traditional Chinese Medicine (Jinan, China), and were identified by Prof. LI Jia. A voucher specimen (JYH-201705) was stored in the School of Biological Science and Technology, University of Jinan (Jinan, China).
Extraction and isolation
The freeze-dried flower buds (6.0 kg) were extracted with 95% ethanol (30.0 L) at room temperature to afford the crude extract (900.5 g). The extract was suspended in water and then extracted with ethyl acetate (10.0 L) and n-butanol .
Anti-inflammatory activity assay
The anti-inflammatory activities of all the compounds were evaluated with the inhibitory ratio of β-glucuronidase release produced by platelet-activating factor (PAF) in rat polymorphonuclear leukocytes (PMNs), as we described previously [15] .
Firstly, the sample was prepared at a concentration of 0.1 mol·L −1 and then diluted to 10 −3 mol·L −1 . Then the sample (5 μL) was incubated at 37 °C for 20 min with the rat PMNs suspension (2.5 × 10 6 cell/mL, 245 μL). Subsequently, 1 mmol·L −1 cytochalasin B (2.5 μL) was added into the above mixture for 10 min, and then 0.2 mmol·L −1 PAF (2.5 μL) was added for another 10 min. The mixture was placed in an ice bath to stop the reaction, and then centrifuged at 4000 r·min −1 for 5 min to obtain a supernatant. The supernatant (25 μL) and 2.5 mmol·L −1 phenolphthalein glucuronic acid (25 μL) were incubated in 37 °C for 18 h with 0.1 mol·L −1 HOAc (100 μL) buffer. Then the reaction was terminated by adding 0.3 mol·L −1 NaOH solution (150 μL). The results were read at 550 nm and the inhibition rate (IR) was calculated as IR = (A PAF − A t )/(A PAF − A c ) × 100%, where A PAF , A t , and A c referred to the absorption values of PAF, samples and control groups, respectively. Ginkgolide B was used as a positive control.
